Background: Tooth extraction, a common procedure in dentistry, can cause bone resorption during socket healing. Therefore, it is important to perform socket preservation procedure to maintain alveolar bone. Providing a combination of mangosteen peel extract with demineralized freezed-dried bovine bone xenograft (DFDBBX) 
INTRODUCTION
Tooth extraction is a common procedure performed in the field of dentistry. Tooth extraction followed socket healing process usually leads to alveolar bone deformities, including the reduction of residual ridge height and width. Poor bone healing pattern will then cause problems for dentists, especially related to aesthetic problems in the manufacture of dental implants or conventional prostheses as well as in the placement of dental implants. 1 Therefore, it is important to perform socket preservation procedures to maintain alveolar bone. One of socket preservation procedures is to put a bone graft in the socket immediately after tooth extraction. 2 One of bone graft materials used is demineralized freezeddried bovine bone xenograft (DFDBBX). DFDBBX are often used due to their osteoconductive inorganic matrix components, which serve to provide scaffold for bone regeneration without getting involved in bone formation itself. However, the bone graft healing process is a complex process involving many factors, such as bone metabolism, hormonal balance changes, and external factors for a long time. 3 Thus, an innovative material is needed to induce osteogenesis activity in order to accelerate bone formation.
In the current technological development, a lot of various natural materials has been used to assist or accelerate the wound healing process. One of them is mangosteen (Garcinia mangostana L.). The results of previous researches showed that mangosteen is rich of nutrients, namely xanton that are abundant in the peel. The functions of xanton in human body are as anti-oxidant, antiproliferation/anti-cancer, anti-inflammatory, anti-microbe, anti-histamine, anti-fungus, heart disease treatment, HIV treatment, and sugar blood-lowering. 4 In the previous research on toxicity test of mangosteen peel extract, mangosteen extract at certain concentration, from 200 μg/ ml to 800 μg/ml, is not toxic to gingival cell cultures of human fibroblasts. 5 During tooth extraction, trauma may occur which will lead to inflammation. Inflammation will cause the infiltration of inflammatory cells, including macrophages, to the traumatized area. As a result, it will activate proinflammatory cytokines, such as IL-1, TNF-α, and PGE. IL-1 and TNF-α in this case can trigger production of RANKL and binding of RANKL in RANK receptor on the surface of the pre-osteoblasts that can lead to activation of NF-kB triggering the formation of osteoclasts, while PGE plays a role in vascular changes, and when injected into bone surfaces, it can cause bone resorption. 6, 7 Therefore, this research aims to determine the effect of the combination of mangosteen peel extract and DFDBBX on the number of osteoblasts and osteoclasts in tooth extraction sockets.
MATERIALS AND METHODS
This research is an experimental research with randomized factorial design (true eksperimental design). This research also has already passed Eligible Ethics from the Ethics Committee of Faculty of Dental Medicine, Universitas Airlangga with number 44/KKEPK.FKG/IV/ 2015. Subjects in this research were male cavia cobayas weighed 300-350 g and aged 3-3.5 months. Those animals were healthy and active, had normal appetite, body temperature and five senses, and suffered no injuries in the limbs and skin as well as no deformed limbs or limp, as well as normal body temperature. Those Twenty-eight (28) Cavia cobaya were divided into four groups, each of which consisted of seven animals. In group I, the lower left incisors of those Cavia cobaya were extracted and then given with 25 grams of PEG into the socket (control). In group II, the lower left incisors of those Cavia cobaya were extracted and then given with mangosteen peel extract and DFDBBX + 99 grams of PEG (at the active substance concentration of 0.5%). In group III, the lower left incisors of those Cavia cobaya were extracted and then given with mangosteen peel extract and DFDBBX + 49 grams of PEG (at the active substance concentration of 1%). In group IV, the lower left incisors of those Cavia cobaya were extracted and then given with mangosteen peel extract and DFDBBX + 24 grams of PEG (at the active substance concentration of 2%). 8 After 30 days of treatment, those Cavia cobayas were sacrificed, and then their mandible was cut to be decalcified with EDTA for 30 days.
Manufacture of paraffin blocks was performed and cut with a rotary microtome with a thickness of 4 microns, and then deparaffinized by dissolving into xylol for 2 x 3 minutes. Residual xylol was washed with absolute alcohol, 99%, 95%, 90%, 80%, and 70% respectively for 2 x 1 minutes. Residual alcohol was washed with running water. Afterward, HE staining was performed for 30 seconds, and then rinsed with water. Staining with eosin was then conducted for 1-2 minutes, and washed with alcohol 70%, 80%, 90%, 95%, 99%, and absolute for 2 x 1 minutes. Meanwhile, xylol was washed for 2 x 2 minutes, and then glass cover previously dripped with Canada balsam covered them. Osteoblast cells, round cells located on the edge of trabecular bone, and osteoclasts, large cells with multiple nuclei, were observed. The number of osteoblasts and osteoclasts was measured using a light microscope with 400 times of magnification. 9 Statistical test was performed on the data obtained using Kolmogorov-Smirnov test. To know the difference between the groups, oneway Anova test was conducted, followed with multifactorial comparison test using Tukey HSD test after Levene homogeneity statistic test was previously performed.
RESULTS
The calculation results of averages and standard deviations of the number of osteoblasts and osteoclasts in each treatment group and the control group can be seen in Figure 1 . The figure shows that there were differences in the averages of the number of osteoblasts in the extraction sockets after the treatments with the extract of mangosteen peel and DFDBBX with various concentrations of active ingredient (0.5%/1%/2%). The highest average of the number of osteoblasts was found in the fourth group at the concentration of 2%, while the lowest average of the number of osteoblasts was found in the control group. On the other hand, there were differences in the averages of the number of osteoclasts in the extraction sockets after the treatments with the extract of mangosteen peel and DFDBBX with various concentrations of active ingredient (0.5%/1%/2%). The highest average of the number of osteoclasts was found in the control group, while the lowest average of the number of osteoclasts was found in the fourth group at the concentration of 2%.
Before the analysis of the test results conducted on the groups, normality test was conducted on each group using Kolmogorov-Smirnov test. In this research, all the research groups had p value greater than 0.05, which means that data from all the research groups had normal distribution. Based on the results of homogeneity test, all the research groups had significance value greater than 0.05. It indicates that all the groups had the same variance (homogeneous). With the prerequisite of normal and homogeneous distribution, oneway Anova test was then conducted to see the significance among the groups. Based on the results of the one way Figure 1 . The graphs display the averages and standard deviations of the number of osteoblasts and osteoclasts after 30 days of the treatment. Y-axis shows the averages of the number of osteoblasts and osteoclasts. X-axis shows the sockets filled with PEG (the control group), the sockets filled with a dose of 0.5%, the sockets filled with a dose of 1% dose, and the sockets filled with a dose of 2%. Anova test, the significance value obtained was 0.000, smaller than α = 0.05. It means that there was a significant difference in the number of osteoblasts and osteoclasts between the control group and the treatment groups. The results of Tuckey HSD test showed that there was a significant difference in the number of osteoblasts and osteoclasts between the control group and the treatment groups I, II, III and IV with significance p = <0.05. But, there was no significant difference between Group II and Group III with p = 0.78. The microscopic description of osteoblast cells can be seen in Figure 2 . The microscopic description of osteoclast cells can be seen in Figure 3 . 
DISCUSSION
Based on the results of the data analysis, it is known that the number of osteoblasts increased, while the number of osteoblasts declined significantly between the control group and the treatment groups at the concentrations of 0.5%, 1%, and 2%. It indicates that the combination of mangosteen peel extract, DFDBBX, and PEG has significant effect on the formation of osteoblasts and osteoclasts in the extraction socket since the content of mangosteen peel extract plays a role as graft material.
Mangosteen peel contains at least about 40 kinds of xanton, such as mangostin, mangostenol, mangostinon A, mangostenon B, trapezifolixanthone, tovophyllin B, α-mangostin, β-mangostin, garcinon B, mangostanol, flavonoid epicatechin, epicatechin, garciniafuran, mangoxanthone, and gartanin. Among those kinds of xanton, α-mangostin and γ-mangostin are the most useful substance. 10 Xanton in the human body plays a role as anti-oxidant, anti-proliferation, anti-inflammatory, and anti-microbe. Xanton is a powerful antioxidant, which is necessary for balancing the pro-oxidants in the body and the environment, known as free radical. 4 γ-mangostin is able to stop inflammation by inhibiting production of cyclooxygenase-2 enzyme (COX-2) causing inflammation, inhibiting activities of Ikappa B kinase enzyme directly, preventing the process of gene transcription of COX-2 (the target gene of NF kappaB), and then lowering the production of PGE-2 during inflammation process.
11,12
The administration of mangosteen peel ethanolic extract can reduce infiltration of inflammatory cells and expression of COX-2 in mice induced with periodontitis. 13 α and γ-mangostin are bioactive substances that have antiinflammatory effects by inhibiting the production of NO and PGE-2.
14 α and γ-mangostin have anti-inflammatory properties based on the previous research on mice. α and γ-mangostin are also able to decrease LPS-induced inflammatory gene, including TNF-α, IL-1, IL-6, IL-8, monocyte chemoattractant protein-1, and Toll-like receptor-2. 15 The use of Garcinia mangostana as a medicine for inflammatory diseases is associated with its ability to inhibit the release of NO and PGE-2, even control TNF-α and IL-4 moderately. 15 In this research, mangosteen peel extract was used to lower inflammation caused by tooth extraction trauma by lowering the growth of osteoclasts and increasing the growth of osteoblasts. This is in line with a research conducted by Port and Martin in 2009 explaining that inflammation will trigger macrophages to induce the synthesis of pro-inflammatory cytokines, IL-1 and TNF-α leading to the release of phospholipids of fibroblast cell membranes, mast cells, neutrophils, macrophages, and lymphocytes; as a result, the metabolism of arachidonic acid will be triggered by phospholipase A2 enzyme, and cyclooxygenase (COX-2) enzyme will be produced. 6 The increasing of COX-2 can stimulate the synthesis of prostaglandins, especially PGE-2, which can lead to the increasing of vasodilation and endothelial permeability, thereby, increasing the infiltration of inflammatory cells. 16 In addition, proinflammatory cytokines (IL-1, TNF-α) and PGE-2 (prostaglandin E2) also stimulates osteoclast formation, either directly or via the RANKL (receptor activator of nuclear factor kβ ligand), resulting in differentiation and fusion of osteoclast precursors into osteoclasts. PGE-2 induces the occurrence of bone resorption intensively. 7 A research conducted by Hakozaki et al. 18 shows that RANKL is a key mediator in the formation of osteoclasts. Protein bound on this membrane is part of tumor necrosis factor, expressed in a variety of cell types including osteoblasts, fibroblasts, and T cells during normal bone metabolism, RANKL are expressed by osteoblasts. However, the inflammatory part of RANKL is also expressed by immune cells, such as T lymphocytes. Expression of RANKL is also controlled by other modulators in the bone metabolism, such as parathyroid hormone, vitamin D3, and interleukin-11. Binding of RANKL on RANK receptor on the surface of pre-osteoblast can cause activation of jun terminal kinase and nuclear factor-kappaB, which leads to the formation osteoclasts. 18 Similarly, a research conducted by Chang et al. 19 also explains that the activation of NF-kB can increase osteoclast activity and bone resorption, and will simultaneously inhibit the function of osteoblasts. 18 RANKL also plays an important role in osteoimmunology. RANKL production is set in conjunction with the presence of inflammatory cytokines, such as TNF-α and IL-119.
Consequently, since mangosteen peel extract inhibited COX-2 and decreased proinflammatory cytokines (IL-1, TNF-α) and PGE-2, the formation of osteoclasts, either directly or indirectly by RANKL (receptor activator of nuclear factor kβ ligand) was inhibited. As a result, the differentiation and fusion of osteoclast precursors into osteoclasts did not occur. In addition, the binding of the RANKL on RANK receptor on the surface of preosteoblasts was also inhibited. Thus, the activation of nuclear factor-kappaB (NF-kB) was inhibited. Therefore, the number of osteoclasts decreased.
For those reasons, it can be said that there is an inverse relation between osteoblasts and osteoclasts. The decreasing of osteoclast cells will occurs when the growth of osteoblast cells increases according to homeostasis in bone cells. Some researchers even state that osteoclasts are responsible for bone resorption, while osteoblasts are responsible for new bone formation. 20 Similarly, the results of this research also shows that the administration of the combination of mangosteen peel extract and DFDBBX increased the number of osteoblasts, but decreased the number of osteoclasts. Another cause that also affected the increasing of osteoblast cells in this research was the participation of a graft material combined with mangosteen peel extract. Graft material used in this study was DFDBBX, a type of xenograft production of Batan. Xenografts are useful for stimulating proliferation of osteoblasts, fibroblasts and endothelial cells. 21 contain osteoconductive inorganic matrix component, serving to provide scaffold for bone regeneration without getting involved in bone formation itself. 22 The combination of mangosteen peel extract and DFDBBX, consequently, could reduce inflammation, decrease osteoclasts resulting in decreasing bone resorption, as well as stimulate and induce osteoblasts needed in alveolar bone formation. Finally, it can be concluded that the combination of mangosteen peel extract and DFDBBX can reduce osteoclasts and increase osteoblasts. The most effective dose of the active substance was 2%.
